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CoGKits: A Bridge betweenCommodityDistributedComputing
andHigh-Performancé&rids

Gregorvon Laszavski; lan Foster JarekGawor, WarrenSmith, Steven Tuecle

Mathematicsand ComputerScienceDivision, ArgonneNationalLaboratory Argonne IL 60439,U.S.A.

Abstract

Emeging national-scale"Computational Grid" infras-
tructures are deployingadvancedservicesbeyondthose
taken for grantedin today’s Internet: for example au-
thentication,remoteaccesgo computes, resouce man-
agementanddirectoryservices.Theavailability of these
servicesrepresentshoth an opportunityand a challenge
for the application developer: an opportunity because
they enableaccessto remoteresoucesin nev ways, a
challenge becauseaheseservicesmay not be compatible
with the commoditydistributed-computingecinologies
usedfor applicationdevelopment.The CommodityGrid
projectis working to overcomethis difficulty by creating
what we call CommodityGrid Toolkits (CoG Kits) that
definemappingsandinterfacedbetweerGrid andparticu-
lar commodityframewvorks. In this paper we explain why
CoG Kits are important, describethe designand imple-
mentationof a Java CoG Kit, and useexamplesto illus-
trate how CoG Kits canenablenew approachesto appli-
cation developmentasedon the integrated use of com-
modityand Grid technolagies.

1

The explosive growth of the Internetand of distributed
computingin generalhasled to rapid technologydevel-
opmentin several domains. In the world of commod-
ity computing,a broad spectrumof distributed comput-
ing technologiegi.e., Web protocols[16], Java[14], JINI
[1], CORRA [4], DCOM [20], etc.) hasemepged with
revolutionaryeffectson how we accesandprocessnfor-
mation. Simultaneouslythehigh-performanceomputing
communityhastakenbig stepstowardthe creationof so-
calledGrids [6], advancednfrastructureglesignedo en-
ablethecoordinatediseof distributedhigh-endresources
for scientificproblemsolving.

Thesetwo worlds of what we will call “commodity”
and“Grid” computinghave evolvedin parallel,with dif-
ferent goalsleadingto differentemphasesnd technol-
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ogy solutions.For example,commoditytechnologiesend
to focusonissuesof scalability componentomposition,
anddesktoppresentationywhile Grid developersempha-
sizeend-to-endperformanceadvancednetwork services,
andsupportfor unigueresourcesuchassupercomputers.
Theresultsof this parallelevolution aremultiple technol-
ogy setswith someoverlaps,muchcomplementarityand
someohviousgaps.

In this context, we believe thatit is timely to investi-
gatehow the worlds of commodityand Grid computing
canbe combined. Hence,we have establishedhe Com-
modity Grid (CoG) project, with the twin goals of (a)
enablingdevelopersof Grid applicationgto exploit com-
modity technologiesvherever possibleand (b) exporting
Grid technologiesto commodity computing(or, equiv-
alently, identifying modificationsor extensionsto com-
modity technologieshatcanrenderthemmoreusefulfor
Grid applications).

A first activity beingundertalenwithin the CoGproject
is thedesignanddevelopmenbf asetof CommodityGrid
Toolkits (CoGKits), which we defineasfollows:

Definition: A Commodity Grid Toolkit (CoG Kit) de-
fines and implementsa set of generalcomponents
that map Grid functionality into a commodityervi-
ronment/framevork.

Hence, we can imagine a Web/CGI CoG Kit, a Java
CoG Kit, a CORBA CoG Kit, a DCOM CoG Kit, and
so on. In each case,the benefit of the CoG Kit is
thatit enablesapplicationdevelopersto exploit advanced
Grid services(resourcemanagementsecurity resource
discovery) while developing higherlevel componentsn
termsof the familiar and powerful applicationdevelop-
ment frameworks provided by commaoditytechnologies.
In eachcase,we also facethe challengeof developing
appropriatanterfacesbetweenGrid andcommoditycon-
ceptsand technologies—andif similar Grid and com-
modity servicesare provided, reconcilingcompetingap-
proaches.

Our initial focusof our work in this areais on a Java
CoG Kit. (We have also startedsomeinvestigationsof
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Web/CGI,CORRA, andPythonCoGKits.) In therestof

thisarticle,wefirstreview briefly someGrid technologies,
thenuseanexampletoillustratewhatcapabilitiesve want
the Java CoGKit to provide, andfinally presentechnical
detailsonthe Javza CoGKit design.

2 Grids and Grid Technologies

The scientific problem-solvinginfrastructureof the next
centurywill supporthecoordinatediseof numerouglis-
tributed heterogenousomponents,including advanced
networks, computers,storagedevices, display devices,
andscientificinstruments.Theterm “The Grid” is often
usedto referto this emeging infrastructurg6]. NASA's
Information Pawver Grid and the NCSA Alliance’s Na-
tional TechnologyGrid are two contemporaryprojects
prototypingGrid systemspoth build on a rangeof tech-
nologies,including mary provided by the Globus project
in which we areinvolved.

Future applicationsthat will use Grid infrastructures
will rangefrom tomorrav’s equivalentof today’s “secure
shell” andWebbrowsersto moresophisticateaollabora-
tive tele-immersie engineeringdistributedpetabytedata
analysisandreal-timeinstrumentcontrol systemsThese
various applicationswill sharea commonneedto cou-
ple devicesthat have not traditionally beenthoughtof as
partof the network. This needis motivatingthe develop-
mentof abroadsetof new serviceseyondthoseprovided
by today’s Internet. TheseGrid serviceswill provide the
security resourcenanagementlataaccessinstrumenta-
tion, policy, accounting,and other servicesrequiredfor
applicationsusers,andresourceprovidersto operateef-
fectively in a Grid ervironment.

Figure 1 illustratesthe structureof what we term the

IntegratedGrid Architecture[7], which comprisesfour
generaltypesof components.The Grid Fabric provides
resource-specifitmplementationsof basic mechanisms
requiredfor Grid operationfor example advanceresena-
tion mechanism# a supercomputescheduleor storage
system,or quality-of-servicemechanismsn a network
router

TheseFabric capabilitiesenablethe constructionof
resource-independerind application-independer®rid
Services One exampleis an informationservice,which
provides uniform accesgo information aboutthe struc-
ture and stateof Grid resourcesanotherexampleis an
authenticatiorand authorizationservice,which provides
mechanism$or establishingdentify, creatingdelegatable
credentialsandso forth. TheseGrid Servicesare often
termed“middleware”: they typically involve distributed
stateandcanbe viewed asa naturalevolution of the ser
vicesprovidedby today’s Internet.

Grid Fabric capabilitiesand Grid Servicesin turn en-
ablethecreationof moreapplication-specifiservicesand
toolkits for example,distributeddatamanagementapa-
bilities to supportthe creationof data-intensie applica-
tions, or flow managementapabilitiesto supportthe cre-
ationof collaboratve work ervironments.Theseservices
andtoolkits arethenusedto implementapplications.

The significanceof Grid infrastructuresfor applica-
tion developersis that they greatly enhancehe capabil-
ities that can be taken for grantedwhen developing ap-
plications. For example,a Grid-wide informationservice
meansthat resourcediscovery and characterizatiorbe-
comepossible;hence applicationscanreliably expectto
discoverrequiredresourcestruntime,ratherthanrequir
ing resourcechoicesto be fixed or provided by the user
Similarly, remotecomputatiorcontrolinterfacegprovided



in the Grid Fabricmeanthathaving discovereda suitable
remotecomputey a usercanschedulemonitor, andcon-
trol a computationwithout needingto know the idiosyn-
craticdetailsof local mechanisms.

3 A Motivating Example for CoG
Kits: SciencePortals

We usean exampleto illustrate the role that we expect
CoG Kit capabilitiesto play in future Grid/commodity
architecturesand the technologydevelopmentsrequired
to realizethis promise. The exampleis an instantiation
of what somecall a “scienceportal”: an accesspoint
(e.g.,desktopbrowser palmdevice) designedo facilitate
scientificresearchin a particulardiscipline by providing
seamlesaccesdo a wide rangeof informationandcom-
putationalresources.

3.1 SciencePortal Scenario

We considera “Midwest Climate ChangePortal” that
provides accessto computationaland data resources
relating to regional impacts of global climate change.
Such a portal senes a variety of userswith different
needsand interests,for example, climate researchers,
weatherforecastersstudentstraffic controlagenciesand
servicesandfarmers.We considertwo usagescenarios.

Reseacher: A researcheinterestedn impactsof cli-
mate changeon cranberrybog yields in Wisconsinuses
the portal to discover relevant datasetsand models. He
quickly putstogethera descriptionof his requireddata,
usinga graphicaleditor. This descriptionis transformed
automaticallyin a sequencef computationsandlookups
in orderto obtainthe desireddata. Existing softwarein-
frastructuremustbe seamlesslyntegratedinto the setof
toolsusedby theresearcheto derive results. Theresults
of suchaninteractioncanbeviewedusingbrowserswhile
preparingandinvoking further analysison the data. The
resultsarediscussedndinterpretedwith the help of col-
leagueduringinteractve sessiong&ndthenarepostedto
an electronicnotebookand are preparedfor the use of
otherinterestedarties.

Farmer: A farmerusegheportalwhenplanningwhich
cropheshouldgrow on hisfields. His questiongocuson
whetherwhen,andhow to usehislandin orderto achieve
a maximum benefitover years. Naturally, he needsto
obtaina seasonaforecastallowing him to determinethe
besttime for plantingthe crop. Electronicmicrosensors
distributedin his groundhelpto steerthe useof fertiliz-
ersduring the growth period. Sensordatais fed into a
databaseaccessibleéby scientists,allowing for feedback

Market

User customized
Portal

Figure2: Multiple portalsprovide accesgo overlapping
functionality, with aparticularportalspecializedo there-
quirementf its user

to checkfor modelaccurag. Accesspointsto the por-
tal includecomputerterminalsin electronicallyenhanced
farm buildings and also specializednput and outputde-
vices that allow for the installationin, for example, a
lightweightwirelessdeviceto accesausefulsubsetf the
informationin thefield. Thefarmers portalalsoprovides
accesgo otherservicesandinformationsourcesfor ex-
ample,financialmarket monitoringserviceshat obsere
the fluctuationof the value of the cropsand give advice
thatmayresultin greatemprofits (Figure?2).

3.2 SciencePortal Requirements

The creation of scienceportals such as those just de-
scribed requiresthe integration of mary technologies
from differentfields. We will typically provideaccesso a
widevarietyof data;hencewe mustbeableto accessand
communicatevith a wide range of information sources
Thecomple calculationgperformedon this datarequires
the ability to accesscomputeresourceswith significant
computationakesources We may alsorequireaccesgo
proprietarysoftware loadedon remotemachines. Thus,
theability to incorporateremotecomputationatesouces
is required.Interactive usecanrequirethatcomputational
anddataresourcede accessedlia high-performancaet-
works; we would alsolike to be ableto enforceperfor
manceguaranteedor datatransfersandcomputations.
The succesf a scienceportal is also measuredoy
its usability and acceptancen the community Hence,
we requireervironmentsthat allow rapid prototypingof
bothcompleteapplicationsandnen componentshatcan
be sharedwith otherusers. The ability to rapidly create
portableuserinterfacesis particularlycritical. Thesere-
quirementverlapstronglywith two typesof technology:

> Commoditytechnolagiesthatemphasizeeaseof use



and codereusein local (especiallydesktop)ervi-
ronments: GUI componentscomponentlibraries,
scripting languages,industry-acceptedistributed
computingframeworks, industrial-strengttdatabase
seners,object-orientegprogrammindanguagesnd
framaworks,andthelike.

Grid technolagiesthatemphasizeffective operation
in large-scalemulti-institutional,wide areaerviron-
ments: accesgo remotecomputation,information
serviceshigh-speedlatatransfersspecialprotocols
(e.g.,multicast) andgatavaysto localauthentication
schemes.

Theseconsiderationdeadto the questionthat hasmoti-
vatedthe researctreportedin this paper:How cancom-
modity andGrid technologiednterfaceandintegratesoas
to adhereinteroperability— and,ideally, to enhancehe
capabilitiesof both?For example we mightdecideto use
CORBA for applicationdevelopmentbut alsowantto use
Grid servicedor schedulingandmanagingcomputations
on a supercomputerOr, if we areusing Java, then Jini
mightappeato beagoodmechanisnfor resourcealiscov-
ery: but thenwe facetheproblemof accessinglatastored
in theextensie (currentlyLDAP-based}rid information
service.Theinteractionscanbe comple< andrequiresig-
nificanteffort by thoughtto getright. Yetthetechnology
basethatexistsin eachcases sufficiently largeandrobust
that exploiting theseexisting mechanismseadsto a sig-
nificantenhancemeraf both Grid andcommodity-based
technologies.

4 Commodity Grid Toolkits

The combinationof commaodity and Grid technologies
can, in principle, enableexciting newv applicationsthat
tie advancednetwork-accessibleesourcesnto the com-
modity desktop.Our goalin the CommodityGrid project
is to enabletheseopportunitiesto be realizedin prac-
tice. Ourresearchapproachnvolvesaniterative process
of definition, development,andapplicationof Commaod-
ity Grid Toolkits (CoGKits): setsof generakcomponents
that map Grid functionality into specificcommodityen-
vironmentsor frameaworks. The word mapis important:
theintegrationof Grid andcommoditytechnologiess not
simply an interfacedefinition problembut ratheris con-
cernedwith how Grid conceptsandservicesare bestex-
pressedn termsof the conceptsandservicesof a partic-
ular commaodityframework. To take a simpleexample,in
the GlobusGrid toolkit on which we arebuilding our pro-
totypes,remotecomputationrmanagemenis handledvia
aproceduralAPI andcallbacks;in the Java CoGKit, the
samefunctionality is provided via a Job objectand Java
events.

Science Portals

Integrated Uniform Datamining
Event Service Access ServiceService

Frameworks Environments

|

CoG Kits

Languages

=

Perl JavalJini Corba DCOM

Common Grid Fabric and Services

Resource Data
Management Management Services
Services Services

Security
Services

Monitoring Event Collaborative
Services Services

Figure3: CoGKits provide a mappingbetweencomput-
ing languagesframeworks, and ervironmentsand Grid
servicesand fabric. TogetherGrid services,Janguages,
frameaworks,andernvironmentsbuild a powerful develop-
menttool for building grid-enhancedpplications.

The requirement®f the scienceportalsand other ap-
plicationshave motivatedus to explore mappinggo sev-
eral languages. Particular we are exploring Perl and
Python in orderto supporteasyprototyping and Web-
basedrogrammingrasedn CGl scripts;andJava, in or-
derto supportgraphicaluserinterfacedevelopmentease
of programmingandtheability to run mary Grid services
throughJava-enabledVeb browsers.

We also needto addressthe issueof accessingGrid
serviceghroughhigh-level distributed computingframe-
works defined by industry so as to allow integration
of commonoff-the-shelftools and developmenterviron-
ments.Hence ,we considerthe CommonObjectRequest
Broker Architecture,andthe DistributedComponenOb-
jectModel (DCOM, CORRA).

5 Java CoG Kit

In therestof this paperwe focusour attentionon our Java
CoGK:it prototypeandexplainhow it enablesisto access
Grid servicegprovided by the Globustoolkit. Becausef
thelarge numberof packagesindclassesequiredto ex-
posethe necessarjunctionality of the Globustoolkit, we
focusin this paperon a subsebf all availableclasseghat
we deemmostusefulfor the developmentof Jara-based
Grid applications. The designof the Java CoG Kit in-
tendsto facilitate the developmentof future components
asa communityproject. To supportan iterative process
of definition,developmentandapplicationof a Jara CoG



Kit in collaboratiorwith otherteamswe classifycompo-
nentsasdepictedn Figure4. Thiscatayorizationprovides
the necessansubdvision in orderto coordinatesucha
challengingppencommunitysoftwareengineeringask.

Low-Level Grid Interface Components provide map-
pings to commonlyusedGrid services: for exam-
ple, the Grid informationservice(the Globus Meta-
computingDirectoryService MDS), which provides
LightweightDirectory AccessProtocol(LDAP) [15]
accesgo informationaboutthe structureandstateof
Grid resourcesand services;resouce mangement
services which supportthe allocationand manage-
mentof computationabnd otherresourcegvia the
Globus GRAM andDURQOC services)anddataac-
cessservicesfor example viatheGlobusGASSser
vice[2].

Low-Level Utility Components areutility functionsde-
signedto be reusedby mary users. Examplesare
componentshatuseinformationservicefunctionsto
find all computeresourceshata usercansubmitto;
thatprepareandvalidateajob specificatiorwhile us-
ing theextendedmarkuplanguagdXML) [13] orthe
Globus job submissionanguage(RSL); thatlocate
the geographicatoordinate®f a computeresource;
or thattestwhethera machineis alive.

Common Low-Level GUI Components provide a set
of low-level GUI componentsthat can be reused
by applicationdevelopers.Examplesfor suchcom-
ponentsare LDAP Attribute Editors, RSL editors,
LDAP browsers andsearchcomponents.

Application-specificGUI Components simplify  the
bridge betweenapplicationsand the basicCoG Kit
components.Examplesare a stockmarlet monitor,
a graphical climate data display component,or a
specializedsearctenginefor climatedata.

For eachof the abore mentionedclasseave will provide
in this paperexemplary Java CoG Kit componentsand
codefragments.

6 Java CoG Kit Implementation

Figure5 shavs how our Java CoGKit is usedin practice.
This Jaraprogramskeletonformspartof aClimatePortal;

it demonstratefion simpleit is to build portal-specific
serviceswhenaccessing variety of basicGrid services
throughtheJava CoGK:it. In thisexample,anappropriate
machinds selectedor execution,datafor aninstantiation
of theclimatemodelis locatedanddownloadedo thema-

chine,andtheclimatemodelis executedonthatmachine.

Application Level Utilities and GUI components

Low-Level GUI Interfaces

HBM displays MDS browsers

Low-Level Utilities

Job & JobSets MDS CoordinateServer ...

Low-Level Grid Interfaces to Grid Middleware & Fabric

Rsl Gram Duroc Gass HBM Gloperf ...

Grid Middleware & Fabric

Rsl Gram Duroc Gass HBM Gloperf ...

Figure 4: Applicationsand more complex components
canbe built with the help of the CoG Kit. Components
areclassifiecherebasedntheirrole.

The programgeneratesn outputfile in GrADS [12] for-
mat, a well-known format for storing three-dimensional
climaterelateddata. Throughoutthe remainderof paper
wewill expandthis exampleaswe introducevariousJava
CoGKit components.

6.1 Low-Level Grid Mappings

In thethis sectionwe enumeratea subsebf packageshat
provide the interfaceto the low-level Grid servicesand
applicationinterfaces.Thesepackagesreusedby mary
usergo developJava-basegrogramsn theGrid. We will
describeonly the generafunctionality of thesepackages,
asit is beyond the scopeof this paperto explain every
classandmethod. For a completelist of the classesand
methodswe referto the distribution [27].

RSL. Thepackageorg.globus.rsl providesmethodgor

creating,manipulating,and checkingthe validity of the

RSL expressionaisedin Globus[11] to expressresource
requirements As shown in Step3 of Figure5, the argu-

mentsto anew call to includeparameterthatspecifyboth

characteristicef the requiredresourcegndpropertiesof

thecomputation.

GRAM. Thepackageorg.globus.giamprovidesamap-
ping to the Globus GRAM services[10], which allow
usersto scheduleandmanagaemotecomputationsThe
classesand methodsdistributed allow usersto submit
jobs, bind to alreadysubmittedjobs, and canceljobs on
remotecomputers. Other methodsallow usersto deter
mine whetherthey cansubmitjobsto a specificresource
(througha Globus gateleeperjandto monitorthejob sta-
tus(pending active failed, done andsuspended

As shawvn in Step 4 of Figure 5 the class Gram
is usedto createa job with an RSL string describ-



/I StepO. Initialization

MDS mds=new MDS("www.globus.org","389","0o=Grid");
/I JOBSUBMISSION
//Stepl. Seach for anavailablemadine

result = mds.search
("(objectclass=GridComputeResource)(fr eenode s=64)) ",
"contact");
/I Stepl.a)Selecta madine
machineContact = <selectthe madinewith minimalexecutiontimefrom

the contactsthat are returnedin result>

/I Step2. Prepae thedatafor the experiment

/I Step2.a) Seach for theclimatedataandreturn

1 the attributes:servejport,directoryfile

dn = mds.search
("(objectclass=ClimateData)(year=1999)
(region=midwest)",
"dn", MDS.SubtreeScope);

result = mds.lookup (dn, “server port directory file");
/I Step2.b)downloadthedatato the madine
url = result.get("server")+""

+ result.get("port")+""
+ result.get("directory")+"/"
+ result.get("file");

data = server.fetch (url, machineContact);
/I Step3. Prepae a descriptionfor runningthe model
RSL rsl = new RSL("(executable=climateModel)
(processors=64)
(arguments=-grads)(arguments=-out map.grads)
(arguments=-in " + data.flename +");

/I Step4. Submitthe program
GramJob job = new GramJob();
job.addJobListener(new GramJobListener() {
public void stateChanged(GramJob job) {
I reactto job statechanges

}
D

try{
job.request(machineContact, rsl);

} catch (GramException e) {
/I problemsubmittingthe job

}

Figure5: This samplescriptdemonstrateRow we accesdasicGrid serviceswith the helpof theJava CoGKit. Here
datafor a climate modelis located,an appropriatemachineis selectedandthe climate modelis executedon that
machine.



ing the job and a machinecontactthat determineson
which machinethe job is requestedor execution. Our
Java mappingdiffers from that provided in Globus for
C throughthe introduction of a formal job object, but
also becauseof the availability of a sophisticatedavent
modelin Java. Our implementationutilizes this event
modelandtransfersthe C callbacksinto equivalentJava
events. In Java one can now use threadsin order to
“listen” to a particularevent that cantrigger further ac-
tions. A Java interface GramJobListener  that con-
tains the method stateChanged(GramJob job)
can be used to define customizedjob listeners that
can be added with the GramJob method addLis-
tener(GramJobListener listener).

DUROC. Thepackagerg.globus.duncenablesauser
to coalocatenultiple resourcesThemappingof theappli-
cationGlobusdurocinterfaceto a Javabasedaventmodel
is similarto thatof thegrampackageln contrasto Gram
it allows the programmerto createand monitor multi-
requestjobs [5]: thatis jobs that requirethe allocation
of multiple resourcesindthe creationof managemenotf
multi-componentasks.

MDS. The packageorg.globus.mdssimplifies the ac-
cesdotheMetacomputindirectory Service(MDS) [25],
whichis animportantpartof the Globusinformationser
vice. Its functionsinclude(a) establishinga connectiorto
anMDS sener, (b) queryingMDS contents{c) printing,
and(d) disconnectindrom the MDS sener. The package
providesanintermediateapplicationlayerthatcanbeeas-
ily adaptedo differentLDAP [15] clientlibraries,includ-
ing JNDI [17], NetscapeSDK [18], and Microsoft SDK
[21].

As showvn in Stepl of Figure5, the parameterso ini-
tialize the MDS classare the DNS nameof the MDS
sener, the port numberfor the connection,and the dis-
tinguishedname(DN) that specifiesheroot for a search
in the directory tree. A searchis performedin Step 2
a; the first parameterspecifiesthe top level of the tree
in which the searchis performed,the secondparameter
specifieshe LDAP query andthe third parametespeci-
fiesthe scopethatis, for how mary levelsin the treethe
searchshouldcontinue(in our caseonly the next level).
Searchresultscan alsobe storedin a NamingEnumera-
tion providedby JNDI.

GASS. The Global Accessto SecondaryStorage
(GASS)service[2] simplifiesthe porting andrunning of
applicationghatusefile 1/0, eliminatingtheneedto man-
ually log onto sitesandftp files or to install a distributed
file system.Thepackageorg.globus.glasgprovidesanes-
sentialsubsebf GASSservicego supportthe copying of

files betweencomputerson which the Grid Servicesare
installed. The methodget(Stringfrom, String to) copies
a remotefile to a local file, and the methodput(String
from, String to) copiesa local file to a remotelocation.
Thefetch methodusedin ourexample(Figure5) provides
a convenientwrapperand usesinternally the previously
mentionedyet method.

HBM. TheGlobusHeartbeaMonitor (HBM) [22] pro-
videsa simple, highly reliable mechanisnfor obtaining
the healthandstatusinformationof Grid resourcesThis
includesmonitoringthe stateof machinesandprocesses
in theGrid. Thepackageorg.globus.hbnprovidesclasses
andmethodgo convenientlyaccesghis service asillus-
tratedin Figure6. In alternatve A thestatusof amachine
is checled, andif the stateis not active an appropriate
actionis performed.If the statusof a procesghatis reg-
isteredwith theHBM is monitored alternatve B givesan
example.

6.2 Low-Level Utilities

The low-level utility classescurrently defined in the

CoGKit provide anabstractatatypaepresentingoyclic

graphsandbasicXML parsingroutines. The graphclass
is used, for example, to accessdependenciebetween
jobs,a majorrequiremenfor scienceportal applications.
The XML classesreusedto provide transformationde-

tweendifferentdataformats. Using XML hasthe advan-
tagethat a DocumentType Definition (DTD) thatis de-
finedfor thesedataformatscanbeusedto verify whether
arecordto betransmitteds well formedbeforeit is sent
to asener. Thustheloadon senerscanbe dramatically
reduced. The availability of a dependeng betweenjobs
is a significantextensionto the existing Globuslow-level

applicationinterface.In addition,we have defineda gen-
eral conceptof a madine andjob broker interface This

enablesa programmeto definea customizedelectionof

machinesndjobsdependenbvnhisdemandWe have uti-

lized this technologyas part of a high-throughpubroker
thatis implementedn Java, but canalsoexposedhrough
CORBA objects. The Geccoapplicationintroducedin

Section6.4 utilizes the Java-basednachineandjob bro-

kers.

6.3 Low-Level GUI Components

TheJara CoGKit low-level GUI componentprovide ba-
sic graphicalcomponentghat canbe usedto build more
adwancedGUI-basedapplications.Thesecomponentsn-
cludetext panelsthatformat RSL strings,tablesthatdis-
playresultsof MDS searchlqueriegFigures7 and8), trees
that display the directory information tree of the MDS,



// StepO: Initialize the HeartbeatMonitor Object
HBM hbm = new HBM (“hbm.globus.org”,
hbm.update();

2222);

/] Stepl: Retrievethe hostnamef the madineto bewatched

machinename = machineContact.hostname();
/] Step2: Getthe dataassociateavith the Client
/I AlternativeA: Monitor themadine
ClientData cd = hbm.get(machinename);
I/l Step3: Evaluatetheclientdata
if (cd.getStatus()
<deal with the problem>

}

HBM.ACTIVE) {

/I Step2 canbereplacedwith thefollowing alternatecode:
/I AlternativeB: Monitor the process
ClientData cd = hbm.search

(machineContact.hostname(),

"(name=climateModel)");

Figure6: UsingtheHBM to monitortheprogres®of acomputationin Alternative A, we checkthestatusof amachine;

in Alternative B, we checkwhetherthe programwith the nameclimateModel

runin conjunctionwith Figure5.

andtablesto displayHBM andnetwork performancelata.
Each componentcan be customizedand is available as
JaraBean.In futurereleasesf the Java CoGKit it will be
possibleto integratethe beanin a Java-basedsUl com-
positiontool suchasJBuilderor VisualCafe.

6.4 High-Level Graphical Application

High-level graphicalapplicationscombine a variety of
CoGKit componentso deliverasingleapplicationor ap-
plet. Naturally, theseapplicationscanbe combinedn or-
derto provide evengreaterfunctionality. Theusershould
selectthe tools that seemappropriatefor the task. To
demonstrateéhe rangeof applicationswe have included
a setof screendumpsthat highlight the look andfeel of
someapplicationglevelopedto date.

GECCO. The Graph Enabled Console COmponent
(GECCO)is a graphicaltool for specifyingandmonitor
ing the executionof setsof taskswith dependenciebe-
tweenthem([26][24]. Specificallyit allows oneto

1. specifythe jobs andtheir dependenciegraphically
or with the helpof anXML-basedconfiguratiorfile;

2. delug the specificationin order to find erroneous
specificatiorstringsbeforethe job is submitted;and

3. executeandmonitorthejob graphicallyandwith the
helpof alog file.

As shown in Figure9 eachjob is representedsanodein

is still running. This codemightbe

arereportedashaving successfullycompleted.The state
of a job is animatedwith colors. It is possibleto modify
the specificatiorof the job while clicking onthe node: A

specificatiorwindow popsup allowing theuserto editthe
RSL,thelabel,andotherparameterskditing canalsobe
performedduring runtime (job execution),henceprovid-

ing for simplecomputationakteering.

GRC. A secondexample of a high-level application
componentis an interactve Graphical ResourceCo-

allocator (GRC) illustratedin Figure 10 [5]. This Java

applicationallows the userto build a network represent-
ing the resourcegequiredfor an applicationandto de-

scribehow the resourceshouldbe used. A combination
of automaticandmanualtechniquess thenusedto guide

resourceselection,eventually generatingan RSL speci-
fication for the resourcesn question. MDS servicesare

usedto automaticallyfind candidatesetsof resourceshat

meetthe users constraints. The userthen manually se-

lectsoneof the resourcesetsor requests further search
for candidates.Oncethe userfinds a suitableset of re-

sourcesthe GRAM or DUROC client librariesare used
to execute,monitor, and possiblyterminatethe applica-
tion(s) (compare~igure10).

7 Future Applications
The availability of the Java CoG Kit hasseveral advan-

tagesfor developingfuture Grid-basedapplications.The
assumedblatformindependencef Java andits increased

the graph. A job is executedassoonasits predecessors popularityprovidethebasisof apromisingplatformin the
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Figure7: The MDS searchablecanbeusedto displayselectedMDS informationin atatular form. Thesearclstring
canbespecified andattributescanbe selecteckasilyto customizethetable.

/I StepO0: Initialize thetable
MDSsearchTable table = new MDSsearchTable (mds);
/I Stepl: performa seach in the MDSto requestlatato bedisplayed
table.search ("(objectclass=GridComputeResources)",
"hn gramversion  contact");
/I Step2: displayandupdatethetable
table.show();
/I Step3: returnthe selection
String  machineContact = table.getSelection("contact");

Figure 8: The programshaws the easeof useof the GraphicalUser Interfacefor selectinga Grid contactstring.
(compareFigure7).
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nearfuture. FurthermoresinceJavais well establishedn
theWindows operatingsystemjt seemsanobviouscandi-
datefor delivering a Globus sener-sideimplementation,
henceallowing jobsto besubmittedo any NT machineas
longasit is integratedn theGrid. More straightforvardis
thedevelopmenbf aGlobusthin-client,which constitutes
only of the necessargecurityroutinesandthe communi-
cationroutinesto communicatevith a Globussener. All
previous release®f CoG componentsiseda pull model
to inquire aboutthe stateof a submittedjob. Sincewe
have changedhe modelto uselisteners,it is now easier
to write threadedGrid-basedlava applicationshasedn a
pushmodel. Projectsthatwill benefitfrom this approach
are,for example,Gatavay [9] andWebflow [28].

The latestGlobus systemto reliesin mary caseson
the HTTP protocol,henceit is possibleto integratesuch
a thin-client as part of a Web browserto allow submis-
sion throughweb pages. Projectslike WebSubmit[19]
and Hotpage[23] will profit from this change. Making
somecomponentsvailableasJava Beansandintegrating
theminto commonof-the-shelfJava GUI building tools
will provide a Grid developmentervironmentthatallows
Grid programmingwith ease. As a resultof the avail-
ability of the Java CoG Kit, recentefforts to standardize
the Glohus delegationmodelin cooperatiorwith the de-
velopmentof the Java CoG Kit will allow a mucheasier
integrationin commoditytechnologyin future.

8 Summary

Commaodity distributed-computingtechnologiesenable
the rapid constructionof sophisticatectlient-sener ap-
plications. Grid technologiegprovide advancednetwork

servicedor large-scalewide area,multi-institutionalen-
vironmentsand for applicationsthat require the coordi-
nateduseof multiple resources.in the CommodityGrid

project,we seekto bridgethesetwo worldssoasto enable
adwancedapplicationghatcanbenefitfrom both Grid ser

vicesandsophisticatedommaoditydevelopmentenviron-

ments.

The Javra CommodityGrid Toolkit (CoGKit) described
in this papemrepresentafirst attemptat creatingof sucha
bridge. Building on experiencegainedover the pastthree
yearswith theuseof Javain Grid ervironmentswe have
definedarich setof classeshatprovidethe Java program-
merwith accesgo basicGrid servicesenhancedervices
suitablefor the definition of desktopproblemsolvingen-
vironments,and a rangeof GUI elements. Initial expe-
rienceswith thesecomponenthave beenpositive. It has
provedpossibleto recasmajorGrid servicesn Javaterms
without compromisingon functionality. Somesubstantial
JaraCoGKit applicationshave beendevelopedandreac-
tionsfrom usershave beenpositive.

Ourfuturework will involvetheintegrationof moread-
vancedservicesnto the Java CoGKit andthe creationof
otherCoGKits, with CORBA, DCOM, andPythonbeing
earlypriorities. We alsohopeto gaina betterunderstand-
ing of wherechangedo commodityor Grid technologies
can facilitate interoperabilityand of where commodity
technologiesanbe exploitedin Grid ervironments.

Availability

The Java Cog Kit is availablein alphareleaseform the
CoGKit Webpaged27]. Thereleaseof the components
is done gradually to assurethe necessaryquality con-
trol of the deliveredpackagesclassesand methods. At
presentthe maindistribution containsthe low-level com-
ponents Besideshe componentslescribedn this paper
we have animplementatiorof network basedquality-of-
servicemethods.We expectthatthis packagewill bere-
leasedas soonasthe Globus toolkit API for this areais
frozen. For morereleasenotes,we referto the Web page
http://www.globus.og/cog.
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